Background: Little is known about the association between the anxiety toward the effects of radiation on reproduction caused by the Fukushima nuclear accident and the birth rate of people in Fukushima. Therefore, we examined changes and associated factors of future pregnancy intention among mothers in Fukushima Prefecture. Methods: Using data from three postal surveys among women who registered their pregnancies in the prefecture (N = 6,751 in 2012, N = 6,871 in 2013, and N = 6,725 in 2014), we analyzed the factors associated with women's intention of future pregnancy using multivariable logistic regression models. Results: The proportion of mothers with pregnancy intention increased from 53.5% in 2012 to 57.9% in 2014, especially among multiparas (P for trend <0.001). Factors inversely associated with pregnancy intention of both groups were older maternal age (adjusted odds ratio [aOR] 0.92 for primipara and 0.87 for multipara), poor subjective health (aOR 0.75 and 0.81, respectively), and presence of depressive symptoms (aOR 0.71 and 0.79, respectively) (P < 0.01 for all items). In addition, not living with husband (aOR 0.24), dissatisfaction with obstetrical care (aOR 0.89) and child abnormalities (aOR 0.72) were inversely associated with pregnancy intention among primiparas, while receiving infertility treatment (aOR 2.05) was positively associated among multiparas (P < 0.01 for all items). A separate analysis of 2012 and 2013 data showed that concern about radiation contamination of breast milk was associated with pregnancy intention among primiparas (aOR 0.61, P < 0.001). Conclusions: Mothers' concern about radiation was associated with lower pregnancy intention, especially among primiparas.
exposure to radiation and to assess and support community health. 4 A survey among evacuees conducted as a part of the FHMS reported that one-third believed that genetic effects caused by radiation were very likely to occur, and such concern about radiation risks was associated with psychological distress. 5 In the face of a nuclear disaster, mothers of young children were also identified as one of the groups at greatest risk of negative emotional and mental health consequences. 6 Using another set of FHMS data among pregnant women, we reported that one in four mothers who delivered within 1 year after the disaster screened positive for depression, 7 and their common concerns were radiation effects on fetuses and infants. 8 The current analysis builds on these findings by examining the changes of future pregnancy intention among mothers living in Fukushima who responded to the FHMS survey, reasons behind such intentions, and associated factors in order to better understand how women make fertility decisions under such circumstances.
METHODS

Setting and procedure
The Pregnancy and Birth Survey of the FHMS has been conducted every year since the disaster, targeting women who registered their pregnancies during a specified period in each year. 9 Every pregnant woman in Japan is required to register her pregnancy in order to receive free access to antenatal care and well-child visits.
Participants and recruitment
The annual survey targeted women who registered their pregnancies during 1 year from August 1 of the previous year to July 31 of the current year. Lists of registered women were obtained from all municipalities in the prefecture. 
Data management and sources
The FHMS database is computerized and managed centrally by the Radiation Medical Science Center of the FHMS. In the current study, we analyzed data from 2012, 2013, and 2014 since the question regarding future pregnancy intention was introduced in 2012.
Data items
The analysis focused on pregnancy intention and its associated factors. Pregnancy intention was assessed using a single question: "Are you planning to become pregnant in the future?". "Yes" was classified as with and "no" as without intention of future pregnancy. A similar question asking women about future pregnancy intention with a binominal answer option is used in the National Fertility Survey in Japan and the National Survey of Family Growth in the United States. 10, 11 Answer options for a further question about reasons for not planning pregnancy were also extracted from the National Fertility Survey. Answer options for an adjunct question about service demands, asked to mothers with pregnancy intention, were decided among FHMS members by referring to government surveys on parenting. 12 Potential associated factors for pregnancy intention included in the analyses were: maternal factors (age at pregnancy, medical history, residential region, subjective health, depression symptoms); living arrangement (current evacuation, living with husband), obstetrical and parenting factors (pregnancy history, fertility treatment, satisfaction with obstetrical care, and maternal confidence); and infant characteristics (sex and abnormalities at birth).
Residential regions were classified into three categories: the most populated central region with relatively higher radiation levels, the coastal region closest to the nuclear power plant and partially designated as an evacuation zone, and the mountainous region farthest from the nuclear power plant. To assess depressive symptoms, a standard two-item screening measure, asking about depressed mood and anhedonia over the past month, was administered. 7 Mothers who answered yes to one or both of these questions were classified as positive for depressive symptoms. Maternal confidence was assessed using a single question: "Are there any moments when you don't feel confident about child rearing?". 13 The response codes were "yes," "unsure," and "no," with "yes" or "unsure" classified as lack of confidence in child rearing.
In addition to current evacuation at the time of the survey (designated and self-determined), we included "concern about radiation contamination of breast milk" as a Fukushima-specific factor. This was defined as bottle feeding their babies because of radiation concerns (vs breast feeding and bottle feeding as a result of lack of breast milk or other reasons), as in our previous analysis on maternal mental health. 13 Of note, the question about infant feeding was asked only in 2012 and 2013, not in 2014.
Statistical analysis
The Wilcoxon-type test for trend developed by Cuzick was used to compare proportions across the 3-year study period.
14 With regard to the analysis of parity-specific factors associated with pregnancy intention, we used a t test for continuous variables and a chi-squared test for categorical variables. Variables significantly associated with pregnancy intention were entered into a multivariable analysis using logistic regression stratified by parity. Another set of multivariable analyses were conducted by limiting data to the first 2 years and by focusing on the item on concern about radiation adjusting for factors analyzed in the above-mentioned analysis of parity-specific factors.
A conservative P-value of less than 0.01 was considered statistically significant given the large sample sizes and the number of comparisons. All statistical analyses were conducted using STATA, version 10 (Stata Corp, College Station, TX, USA).
Ethical considerations
The ethics committee of Fukushima Medical University approved this study (No. 1317). The survey aims were explained to all respondents in a cover letter that was sent out with the questionnaire. By responding to the survey, participants were considered to have consented to participation.
RESULTS
The mean maternal age was 30.6 years, and 46.5% were primiparas. The overall proportion of those with pregnancy intention was 53.3% in 2012, 53.3% in 2013, and 58.1% in 2014, and was 81.1% among primiparas and 32.1% among multiparas. Parity-specific trends showed a significant increase from 2013 to 2014 among primiparas (P < 0.001) and across the 3 years among multiparas (P for trend <0.001) ( Figure 2 ).
Comparing respondents' characteristics by pregnancy intention (Table 1) , primiparas with pregnancy intention were significantly younger, had no medical history, had good subjective health, had no depressive symptoms, lived in a mountainous region, had not been evacuated, lived with their husband, were satisfied with obstetrical care, were less confident in childrearing and were more likely to have children with abnormality at birth (P < 0.01). Among multiparas, those with pregnancy intention were significantly younger, had good subjective health, had no depressive symptoms, lived with their husband, had received infertility treatment, were satisfied with obstetrical care and were less confident in childrearing (P < 0.01). Multivariable analyses (Table 2) found that factors associated significantly with pregnancy intention among primiparas were survey year (aOR 0.83 for 2013), maternal age (aOR 0.92 for 1-year increase), subjective health (aOR 0.75 for poor), depressive symptoms (aOR 0.71 for positive symptoms), living with husband (aOR 0.24 for not living together), satisfied with obstetrical care (aOR 0.89 for not satisfied), and child abnormality at birth (aOR 0.72 for having abnormality). Significant factors for multipara were survey year (aOR 1.28 for 2013 and 1.68 for 2014), maternal age (aOR 0.87 for 1-year increase), subjective health (aOR 0.81 for poor), depressive symptoms (aOR 0.79 for symptoms positive), and infertility treatment (aOR 2.05 for receiving treatment).
When limiting data to the first 2 years to include the disasterrelated item on concern about radiation contamination of breast milk, the overall proportion of mothers with pregnancy intention was 42.0% and 53.4% among those with (n = 188) and without (n = 13,302) radiation concern, respectively. Parity-specific multivariable analyses showed that the item on concern about radiation was significantly associated with pregnancy intention only among primiparas (aOR 0.61) ( Table 3) . Of note, subanalyses were conducted after eliminating the duplicate live births in each year by keeping the first births in the data to confirm that the statistical significance of variables analyzed in Table 2 and  Table 3 did not change, with the exception of survey year among primiparas in Table 2 (aOR 0.89 for 2013, P = 0.08).
The two reasons for not planning a future pregnancy among primiparas were simply "do not want a future pregnancy," followed by "concerns about age and health condition" across the 3 years (Table 4) . Among multiparas, the top reason of "do not want a future pregnancy" increased during the 3 years (P for trend <0.001), while the second reason of "busy with care of older sibling(s)" decreased in 2014. As for disaster-related reasons, those who selected "concerns about the impact of radiation contamination" decreased among both primiparas and multiparas, and the proportion of "evacuation or living separately from family" decreased among multiparas in 2013.
The top two service demands across the 3 years among those with pregnancy intention were "child care and pediatric service information" and "nursery school, extended hours, and sick child care" for both primiparas and multiparas ( Table 5) . As a disasterrelated item, mothers who selected "information on radiation health effects" decreased during the 3 years in both groups (P for trend <0.001).
DISCUSSION
Using a prefecture-wide survey, we found that the overall intention of future pregnancy among mothers living in Fukushima increased 3 years after the disaster took place in 2011. During these 3 years, the intention of future pregnancy among primiparas continued to decline in 2013, while the intention among mul- Pregnancy Intention After Fukushima Nuclear Accident tiparas increased immediately after 2012. According to the National Fertility Survey in 2010, 10 the proportion of couples (married within 5 years) with future pregnancy intention was 89% for those with one child and 48% for those with more than one child, which was higher than what we found in our 2012 data in Fukushima after the disaster (primiparas, 81% and multiparas, 27%). As for subsequent fertility trends, the government's vital statistics in Fukushima showed an immediate increase in the number of births in 2013 following a steep decline in 2012 among multiparas (Figure 3) , 2 which was consistent with our findings on trends of future pregnancy intention. Taken together, these findings suggest that the overall increase in pregnancy intention in 2014 was due mainly to the increase among multiparas.
In the midst of the confusion around information on the health effects of the Fukushima nuclear accident, 15 concern about radiation contamination of breast milk was significantly associated with lower intention of future pregnancy among primiparas in 2013 and 2014. Breast milk could be a source of radiation exposure among nursing infants possibly causing thyroid cancer after a nuclear accident. A survey testing breast milk samples from volunteers living within 250 km of the nuclear power plant reported a detectable level of radioiodine in seven of 23 samples in April 2011. 16 Our data may indicate that women were making fertility decisions in response to the nuclear accident. It may be a rational decision for young mothers to wait for a couple of years before planning their next pregnancy to make sure that their babies were not affected by the disaster. On the other hand, current evacuation as another disaster-related item was not associated with pregnancy intention, which also was reasonable since evacuees were living away from contaminated areas. When examining trends in the reasons behind not planning a future pregnancy, we observed that the proportion of mothers who selected "concerns about the impact of radiation contamination" and "evacuation or living separately from family" decreased from 2013. Similarly, among mothers with pregnancy intention, the proportion of those who selected "information Infant abnormalities at birth include preterm delivery (<37 gestational week), low birth weight (<2,500 g) and anomalies.
Goto A, et al.
on radiation health effects" as a demanded service decreased. The observed decline in concerns toward radiation exposure may explain the overall increase in future pregnancy intention during the 3 years studied. Immediately after the Chernobyl nuclear accident in 1986, analyses of demographic data from countries surrounding the most affected areas, namely Italy and Greece, found a temporal decline in live births and a contrasting increase in induced abortions. 17, 18 On the other hand, similar analyses from Sweden and Finland were inconclusive about whether such demographic trends were induced by the nuclear accident. 19, 20 Havenaar and van den Brink reviewed the literature on the effects of the stressful experience of toxicological disasters in general, and summarized their profound effects on subjective health and health-related behaviors, especially on reproductive behavior. 21 Our study is in line with Havenaar and van den Brink's report showing a possible effect of radiation risk perception on Fukushima mothers' intention of future pregnancy.
More generally, mothers' common reasons for not planning a future pregnancy were simply "do not want a future pregnancy" followed by "concerns about age and health condition" for primiparas and "busy with care for older sibling(s)" for multiparas. Among both primiparous and multiparous mothers planning a future pregnancy, they demanded "child care and pediatric service information" and "nursery school, extended hours, and sick child care." According to the National Fertility Survey in 2010, common reasons for married couples not having their desired number of children were childrearing cost and age, followed by health concerns and childrearing burden. 10 These data indicate that strategies to leverage the birth rate are improving child care supports and access to these services, especially for couples planning the second or more children, and promoting child bearing at an earlier age. A recent study among middle-aged Japanese found that women with past fertility knowledge gave birth to their first child at an earlier age compared to those without fertility knowledge. 22 Promoting reproductive education in schools and at home may be needed to increase public fertility knowledge and in turn to promote earlier reproduction. 23 Further analyses of factors associated with pregnancy intention hint that more practical health service strategies are necessary. Among both primiparas and multiparas, older maternal age, poor subjective health, and having depressive symptoms lowered pregnancy intention. In addition, dissatisfaction with obstetrical care and child abnormalities lowered the pregnancy intention of primiparas, and past infertility treatment increased the intention among multiparas. Age was mentioned by mothers themselves as a factor prohibiting pregnancy intention. Interestingly, all factors other than maternal age suggest that improving perinatal care maybe the key to increasing mothers' motivation for future pregnancy, which is most directly suggested by the significant association between mothers' satisfaction with the obstetrical care they received and their future pregnancy intention. Other factors indicate the need to improve services and care for mothers with Pregnancy Intention After Fukushima Nuclear Accident depression and children with abnormalities, and to support pregnancy intention in those receiving infertility treatment. Our study has several limitations. First, the response rate was lower than 50%, which limits the generalizability of the obtained findings, especially regarding the proportion of mothers with the intention of future pregnancy. According to government statistics, 1 the proportion of first births was 44.4% in Fukushima Prefecture during the 3 study years, which was slightly lower than the number (46.5%) from our analysis of FHMS data. Second is that a self-report of future pregnancy intention may not be indicative of actual future pregnancy. We cannot be sure whether a positive intention actually resulted in subsequent childbirth, but 2012 data indicated that those with pregnancy intention were more likely to give birth during the two subsequent years: the proportion of duplicates was 4% among those without pregnancy intention and 20% among those with pregnancy intention. Third is a lack of data on socioeconomic status in the FHMS's Pregnancy and Birth Survey, although around 20% of mothers marked unstable income as one factor for no intention of future pregnancy. A recent study however reported that a two-child norm, not socioeconomic factors, was associated with probability of childbirth. Goto A, et al.
In conclusion, this is the first population-based study showing a possible factors underpinning the trends of future pregnancy intention among local mothers at the individual level after the Fukushima nuclear accident. The association was especially strong among primiparas as reflected in their lower pregnancy intention and its association with concern about radiation contamination of breast milk. Whilst concerns toward radiation exposure declined over time, the obtained results further suggest that an increasing pregnancy intention could be maintained by improving obstetrical and mental health care and parenting support. As promoted by a national maternal and child health campaign ("Healthy Parents and Children 21"), "seamless supports" from the antenatal to postnatal phase and partnering of related services and organizations are needed to nurture the next generation. 25 
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